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A Area

CC Compression index

c Cohesion or cohesion intercept of strength envelope
based on total stresses

c' Cohesion intercept of strength envelope based on
effective stresses

D Diameter

D1,D2 Dispersive soil classification--pinhole erosion test

D10 Diameter of soil Particle having a size greater than
10 percent (by weight) of the particles

Dd Relative density

Di Initial diameter of pinhole

e Void ratio

e, Void ratio after consolidation

F Applied shear force

Ga Apparent specific gravity

Gm Bulk specific gravity

GS Specific gravity of solids

H Henry’s coefficient of solubility

H Height

Hi Initial hydraulic head in pinhole erosion test

AH Change in height

Omitted here are the symbols A, D, H, S, V,and w having the
subscripts o, c, and f, and the symbol e having the subscripts o
and f (for example, Ay, H., wg, etc.); these subscripts indicate
that the symbols refer to properties of test specimens measured or
computed under the following conditions:

o Initial or before test
c After consolidation or before shear
f Final or after test
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AHO Change in height during consolidation or before shear

h Hydraulic head

i Hydraulic gradient

k Coefficient of permeability

L Length

Ls Linear shrinkage

LL Liquid limit

N Number of blows of liquid limit cup

NDi,ND2 Nondispersive soil classification--pinhole erosion
test

ND3,ND4 Intermediate soil classification--pinhole erosion
test

n Porosity

P Applied axial load

Pl Plasticity index

PL Plastic limit

P Pressure

pe Preconsolidation pressure

P, Overburden pressure

Q Quantity of flow

q Rate of discharge

q, Unconfined compressive strength

R Shrinkage ratio

S Degree of saturation

SAR Sodium absorption ratio

SL Shrinkage limit

s Shear strength

S, Undrained shear strength

t Time

t50 Time to 50 percent primary consolidation

Xi
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Time to failure

Degree of consolidation
Atmospheric pressure (absolute)
Required back pressure (gage)
Volume

Volume of air

Volume of soil solids

Volume of voids

Volume of water

Change in volume

Change in volume of water
Weight of wet soil

Weight of dry soil

Weight of water

Water content

Water content at N blows

Slope angle of flow line

Dry unit weight (or dry density) of soil
Wet unit weight (or wet density) of soil
Unit weight of water

Axial strain

Double amplitude axial strain
Coefficient of viscosity

Normal stress

Major principal stress

Minor principal stress

Deviator stress

Cyclic deviator stress

Cyclic stress ratio
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Effective confining pressure at failure
Consolidation stress on the failure plane
Shear stress

Cyclic shear stress

Angle of internal friction (or slope angle of strength
envelope) based on total stresses

Angle of internal friction (or slope angle of strength
envelope) based on effective stresses

Angle of friction determined from the drained
repeated direct shear test

Xiii
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ENGINEERING AND DESIGN

LABORATORY SOILS TESTING

1. PURPOSE. This manual presents recommended testing procedures for
making determinations of the soil properties to be used in the design of
civil works projects. It is not intended to be a text book on soils testing
or to supplant the judgment of design engineersin specifying procedures
to satisfy the requirements of a particular project,

2. APPLICABILITY. The provisions of this manual are applicable to all
divisions and districts having Civil Works functions.

3. NOTATIONS, A partial list of the symbols used in this manual ap-
pears following the Table of Contents. Not included in the list are sym-
bols used arbitrarily in formulas to facilate computations and those
having a special meaning within a particular appendix. All symbols are
defined where they first appear in an appendix and wherever restatement
may be needed for the sake of clarity. Whenever possible, these symbols
correspond to those recommended by the Committee on Glossary of
Terms and Definitions in Soil Mechanics of the Soil Mechanics and Foun-
dations Division of the American Society of Civil Engineers.f

4. REFERENCES. The material presented in this manual has been
drawn from many sources, persons, and organizations; wherever possi-
ble, specific references are given by footnotes. In general, the proce-

dures and practices herein have been taken, under the guidance of the

T “Glossary of terms and definitions in soil mechanics,” _Proceedingsb
ASCE, vol. 84, No, SM4 (October 1958).

1
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Office, Chief of Engineers, from the experience of the U. S. Army Engi-
neer Waterways Experiment Station and the U. S. Army Engineer Divi-
sions. Further contributions have come from Harvard University, the
Massachusetts Institute of Technology, the U. S. Bureau of Reclamation,
and the American Society for Testing and Materials.

5. TESTING PROCEDURES. Since soils exist in an enormous variety,
and since the problems of applied soil mechanics also exist in a very
great variety, testing procedures for determining the engineering proper-
ties of soils (such as strength-deformation relationships) must not, in
fact, cannot, be standardized. Before any soils testing is requested of a
laboratory, the design engineer responsible for formulating the testing
program must clearly define the purpose of each test to himself and to
the person who will supervise the testing.

It is generally necessary to adapt the testing procedures to the specific
requirements of an investigation. For example, the consolidation test can
be performed in various ways. What is often called the ‘* standard con-
solidation test'' is performed by always doubling the previous load on the
specimen. This procedure will produce tin-&-consolidation curves that
usually permit the most precise evaluation of the coefficients of perme-
ability and consolidation. However, these load increments are not always
satisfactory for defining the preconsolidation pressure from the shape of
the void ratio-pressure curve; for this purpose a much smaller factor
than 2.0 should be used during incremental loading. Also, the maximum
load to which a consolidation test should be continued will depend on the
consistency and stress history of the soil and the requirements of the
project. For example, if a clay which had been normally consolidated under
an effective overburden pressure of 0.5 ton per sq ft is to be loaded by an
embankment which will exert an additional pressure of 1.0 ton per sq ft,
the consciidation test need not be continued beyond a load of 4.0 tons per
sq ft to fulfill the purpose of the test. On the other hand, a highly over-
consolidated clay which will be loaded by an embankment of substantial

height may require that the consolidation test be continued to a loading
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of 20 tons per sq {t or more.

An even greater variety in testing procedures exists for measuring
the strength of soils, and the purpose of the tests must be constantly re-
viewed to insure that the results have meaning with respect to design.

Tests which do not measure clearly defined engineering properties
(such as Atterberg limits, specific gravity, grain-size analyses, and
compaction), however, do require adherence to standardized procedures.
Even here the dangers of injudicious testing must be recognized As an
example, compaction test results-must be carefully evaluated if the mate-
rial coarser than3/4 in. (or some other size) has been removed according
to the standard method.

Procedures for soils tests necessary for the design of Civil Works
projects appear as appendixes to this manual. The procedures are con-
sidered to represent the best current guidance for obtaining acceptable
de sign data, Deviations from these procedures may be necessary on
occasion, according to the judgment of testing or design engineers,
their experience with local soils, or peculiarities of a project. How-
ever, to insure that the test methods remain compatible with the pur-
pose of the tests and that the results will be acceptable, every such
deviation should be discussed in advance with the design office request-
ing the tests or, if in the judgment of the design engineer such devia-
tion represents a major departure from the conventional procedure,
should be first approved by the Office, Chief of Engineers. Also, a
description of any non-conventional procedure must accompany the test
data.

6. RELIABILITY OF TESTING APPARATUS AND RESPONSIBILITY OF
PERSONNEL, All who are engaged in soils testing must constantly be
aware of the importance of accuracy in measurements. Inaccurate meas-
urements will produce test results which are not only valueless but are
misleading. Each appendix to this manual contains a list of the more com-
mon possible errors associated with the procedures described in that ap-

pendix. Serious errors can be caused by poorly constructed apparatus (for
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example piston friction in triaxial compression chambers or rough-
finished consolidometer rings), by maladjusted apparatus (liquid limit
devices, proving rings, or mechanical compactors), and by worn parts
(liquid limit cup or grooving tool or knife edges of lever systems).
Regular calibration and inspection must be a standard practice in all
laboratories.

The personnel performing the tests must be thoroughly familiar with
the apparatus, the testing procedures, and good laboratory technique in
general. They must be conscientious in the handling of soils and must
appreciate the purpose of each test they perform. Neat, ‘thoughtful work,
with the recording of all test data and a continuous watchfulness for
irregularities can prevent most errors. The philosophy should be that
one good test is not only far better than many poor tests, but is also less
expensive and less likely to permit a misjudgment in design.

7. LABORATORY FACILITIES. A laboratory preferably should be on a
ground floor or basement with a solid floor and should be free of traffic
and machinery vibrations. Separate areas should be designated for dust-
producing activities such as sieve analyses and sample processing.
Temperature control of the entire laboratory is to be preferred. If the
temperature-controlled space is limited, this space should be used for
triaxial compression, consolidation, and permeability testing. A humid
room large enough to permit the storage of samples and the preparation
of test specimens should be available.

8. SAMPLE HANDLING AND STORAGE. The identification markings of
all samples should be verified immediately upon their receipt at the
laboratory, and an inventory of the samples received should be main=~
tained. Samples should be examined and tested as soon as possible after
receipt; however, it is often necessary to store samples for several days
or even weeks to complete a large testing program. Every care must be
taken to protect undisturbed samples against damage or changes in water
content Such samples should be stored in a humid room and may require

rewaxing and relabeling before storage. Except for special purposes,
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such as for viewing by designers or contractors or for research, soil samples
should not be retained for long periods; even the most careful sealing and
storing of undisturbed samples cannot prevent the physical and chemical
changes which, in time, would invalidate any subsequent determinations of
their engineering properties.

9. SELECTION AND PREPARATION OF TEST SPECIMENS. Under the most favorable
circumstances, a laboratory determination of the engineering properties of
a small specimen of undisturbed soil gives but an approximate guide to the
behavior of an extensive nonhomogeneous geological formation under the
complex system of stresses induced by the construction of an embankment or
other structure; under the worst circumstances such a determination may
have no meaning. Also, the strength, compressibility, and permeability of
a soil in place may vary severalfold within a few inches. No other aspect
of laboratory soils testing is as important as the selection of test
specimens to best represent those features of a foundation soil which
influence the design of a project. The selection cannot be based on boring
logs alone, but requires personal inspection of the samples and the closest
teamwork of the laboratory personnel and the design engineer. This cooper-
ation must be continued throughout the testing program since, as quanti-
tative data become available, changes in the initial allocation of samples
or the securing of additional samples may be necessary.

Second in importance only to the selection of the most representative
undisturbed material is the preparation and handling of the test specimens
to preserve in every way possible the natural structure and water content
of the material. Indifferent handling of undisturbed soils can result in
test data that are erroneous by several times any errors caused by faulty
testing apparatus. With but few exceptions, test specimens should always
be prepared in a humid room. Trimming instruments should be sharp
and clean and the specimens should be adequately supported at all times;
details of the preparation equipment and procedures are presented in the
appendixes to this manual. What cannot be gained from any manual,
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however, is the judgment and awareness necessary to adjust the tech-
niques for each type of material in order to secure the most satisfactory
specimens.

During the preparation of specimens, the laboratory personnel have
the best opportunity to record a complete description of the material and
to judge whether the material is truly undisturbed. The description
should include an identification of the material, its color and
consistency, the brittleness of the material and the loss of strength upon
remolding, and any heterogeneity or unusual characteristics which might
prove valuable in analyzing the test results. Also, any indication of
disturbance of boring samples (strata deformed at periphery or distortions
concentric with axis of sample) must be noted. Often these distortions
cannot be seen except by slowly drying a slice of the material to a water
content at which the differences between strata show clearly.+ Photo-
graphs of such partially dried slices may be helpful when evaluating the
test data and can contribute to improvements in sampling equipment and
techniques. Disturbed samples should never be used for any tests other
than classification, specific gravity or water content.
10. DATA SHEETS AND REPORT FORMS. Examples of suggested form sheets for
recording and computing test data are presented in the appendixes hereto,
and some appendixes show the forms to be used for reporting test results.
The data sheets shown may be satisfactory in many instances, though each
laboratory should adopt whatever data sheets are most suitable for their
practices and apparatus. ENG Form 2086 should be used for presentation of
a summary of soil test data in design documents. Well-planned data sheets *
can improve the efficiency of testing and, by encouraging the recording of
data which otherwise might be lost, can lead to better testing.

The report forms shown in the appendixes have been developed to
facilitate the review of design memoranda of Civil Works projects.

# M. J. Hvorslev, Subsurface Exploration and Sampling of Soils for
Civil Engineering Purposes, U. S. Army Engineer Waterways Experiment
Station, CE (Vicksburg, Miss., November 1949).




EM 1110-2-1906
30 Nov 70

Because they are intended for review purposes, these forms often do not
display the test results in sufficient detail for interpretation by the design
engineer. Therefore, each laboratory should include with the standard
report forms whatever tabulated or plotted data are necessary to satisfy
the purpose of a testing program. Graphs should show all the plotted
points, not just smooth curves, and be given scales in easily read units,
such as 1, 2, or 5 divisions per unit. The report form should contain a
complete description of the material, not just the classification, and
sketches to illustrate the mode of failure of strength test specimens.

FOR THE CHIEF OF ENGINEERS:

RICHARD F. McADOO
Colonel, Corps of Engineers
Executive
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APPENDIX I:

WATER CONTENT - GENERAL

1. DEFINITION. Water content, w, is defined as the ratio, expressed
as a percentage, of the weight of water in a given soil mass to the weight
of solid particles.

2. APPARATUS The apparatus should consist of the following:

a. Oven, preferably of the forced-draft type automatically con-
trolled to maintain a uniform temperature of 140*5 C throughout the
oven.

b. Balances, sensitive to 0.01 g for samples weighing less than
50 g; 0.1 g for samples weighing 50 to 500 g;1.0 g for samples weighing
over 500 g.

c. Specimen Containers. Seamless metal containers with lids

are recommended. The containers should be of a metal resistant to
corrosion (aluminum is satisfactory). They should be as small and light
in weight as practicable in relation to the amount of material to be used
in the determination. For routine water content determinations in which
specimens weighing between 100 and 200 g are used, a 2-in.-high by
3-1/2-in. diameter container is adequate.

3. SPECIMEN. The amount of material used in the water content deter-
mination will generally depend on the maximum size of particles, the
amount of material available, and the requirement that the specimen be
representative of the material for which the determination is made. When
the water is not uniformly distributed throughout the sample, larger speci-
mens will be needed than would otherwise be required. For routine water
content determinations on material passing a No. 4 sieve, specimens
weighing between 4100 and 200 g are adequate, A minimum specimen
weight of 500 g is recommended for material having a maximum particle

size in the range of the No. 4 to 3/4-in. sieves, and a minimum specimen

I-1
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weight of 4000 g is recommended for material having a maximum particle
size in the range of the 3/4-in. to 1-1/2-in. sieves. Specific amounts of
material are required for water content determinations for other labora-
tory tests; the test procedures should be consulted to determine the
proper amounts.

4, PROCEDURE. The procedure shall consist of the following steps:

a. Record all identifying information for the specimen, such as
project, boring number, sample number, or other pertinent data, on a data
sheet (Plate I-i is a suggested form).

b. Record the number and tare weight of the specimen container.

c. Place the specimen in the container, set the lid securely in
position and immediately determine the weight of the container and wet
soil by weighing on an appropriate balance.

d. Before the specimen is placed in the oven, remove the lid; the
lid is usually placed under the container in the oven. Then place the
specimen and container in the oven heated to 110%5C.f Leave the speci-
men in the oven until it has dried to a constant weight. The time required
for drying will vary depending on the type of soil, size of specimen, oven
type and capacity, and other factors. The influence of these factors
generally can be established by good judgment, and experience with the
soils being tested and the equipment available in the laboratory. When in
doubt, reweigh the oven-dried specimens at periodic intervals to establish
the minimum drying time required to attain a constant weight. For routine

water content determinations, specimens consisting of clean sands and

T Laboratory oven drying at 140 C does not result in reliable water con-
tent values for soils containing gypsum or significant amounts of organic
material. Reliable water content values for these soils can be obtained
by drying in oven at 60 C#%, or by vacuum desiccation. See: U. S. Army
Engineer Waterways Experiment Station, CE, A Study of Moisture- )
Content Determinations on Selected Soils, Miscellaneous Paper No.

4-73 (Vicksburg, Miss., September 1954},

1-2
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gravels should be oven-dried for a minimum of 4 hr. For most other
soils a minimum drying time of 16 hr is adequate, Dry soil may absorb
moisture from wet specimens; therefore, any dried specimens must be
removed before wet specimens are placed in the oven.

e. After the specimen has dried to constant weight, remove the
container from the oven and replace the lid. Allow the specimen to cool
until the container can be handled comfortably with bare hands. If the
specimen cannot be weighed immediately after cooling it should be placed
in a desiccator; if a sample is left in the open air for a considerable
length of time it will absorb moisture.

f. After the specimen has cooled, determine its dry weight and
record it on the data sheet.

5. COMPUTATIONS. The following quantities are obtained by direct
weighing:

a. Weight of tare plus wet soil, g

b. Weight of tare plus dry soil, ¢
The water content in percent of oven-dry weight of the soil is equal to:

(weight of tare plus wet soil) = (weight of tare plus dry soil) X400
(weight of tare plus dry soil) = (tare)

W

or W:w—-y-XiOO

S

where w = water content, percent
W = weight of water, g
W¢ = weight of dry soil, g

6. POSSIBLE ERRORS.. Following are possible errors that would cause

inaccurate determinations of water content:
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a. Specimen not representative. The specimen must be rep-

resentative of the sample as required for the purpose of the determi-
nation. For example, a stratified soil may have a great variation in
water content between adjacent strata; were it intended to evaluate the
strength of the soil on the basis of water content, a large specimen
that included material from several strata would not be representative
of the weakest stratum. As another example, to determine the average
water content of a gravelly clay, the specimen must be large enough to
contain representative amounts of both coarse and fine fractions.

b. Specimen too small. As a rule, the larger the specimen,
the more accurate the determination because of the larger weights
involved.

c. Loss of moisture before weighing wet specimen. Even in
a covered container a specimen can lose a significant amount of water
unless weighed within a short period.

d. Incorrect temperature of oven. The oven-dry weight of
many soils is dependent on the temperature of the oven, so variations in
temperature throughout the interior of an oven can cause large variations
in the computed water content.t

e. Specimen removed from oven before obtaining a constant oven-
dry weight.

f. Gain of moisture before weighing oven-dry specimen.

g- Weighing oven-dry specimen while still hot. The accuracy
of a sensitive balance may be affected by a hot specimen container.

h. Incorrect tare weight. The weights of specimen containers
should be checked periodically and should be scratched on the containers

to avoid possible errors in reading such weights from lists.

t T. W.Lambe, Soil Testing for Engineers, John Wiley & Sons, Inc.
(Nevr York, 1951).
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PROJECT
BORING o,
Sample Or Specimen No.

Tare NO.

Tam plus wet soil

Tare plus dry soil

Water H'

Tare

Weight in grems

Dry soil w‘

Water content w % % % %

Sample OI Specimen No.

Tam No.

Tare plus wet soil

Tare plus dry soil

Water Wy

Tare

Weight in grams

Dry soil L

Water content w % %

Sample or Specimen No.

Tare No.

Tare plus wet soil

Tare plus dry soil

Water H'

Tare

Weight in grams

Dry soil W,

$ $ % $

= . "
. (tare plus wet so1l) ~ (tare plus dry soil g
v {Tare plus dry soil) - (tare) x 100 = T‘ x.100

Water content v ) %

Remarks

Computed by Checkedby

Technician

B o 3835 1-5
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APPENDIX II:

UNIT WEIGHTS, VOID RATIO, POROSITY, AND
DEGREE OF SATURATION

1. RELATIONS. A soil mass is considered to consist of solid particles
enclosing voids of varying sizes. The voids may be filled with air, water,
or both. The fundamental relations of the weights ana volumes of the

various components of a soil
WEIGHT vILUME ) WEIGHT YOLUME

mass can be derived using the

<= Tw
wateR |\, |V W // v
v/ 1/////

simplified sketches shown in W | water | e vy

Figure 1, Some of the more

important relations used in w

soils engineering calculations
are unit weights, void ratio,

s £ o

porosity, and degree of satura-

MOIST SOIL SATURATED SOIL
tion. The quantities which must
be known to compute these rela- "
tions are the weight and volume WATER CONTENT “w,
of the wet specimen, the weight ORY UNIT WEIGHT  (ORY DENSITY) ra=1v"
of the same specimen after
. . LA
Oven'drylng, and the SpeCIfIC WET UNIT WEIGHT (WET DENSITY) )‘m-v
gravity of the solids (see vy
. YOID RATIO '=T
Appendix 1V, SPECIFIC '
v
GRAVITY). The weights of the POROSITY. v
specimens usually can be ob- v,
; R N R DEGREE OF SATURATION S s—
tained without difficulty. The Vv
volume of the wet specimen is SPECIFIC GRAVITY OF SOLIDS G,z ot

Vi Yw
determined by linear measure-

N NOTE: UNITWEIGKHT OF WATER. Yw?® 62.4LB/CU FT.
ment (volumetric method), or

by measurements of the volume Figure 4., Fundamental relations
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or weight of water displac ed by the specimen (displacernent method).
Definitions of the relations to be determined and detailed procedures for
determining these values, using the volumetric and displacement methods,
are given in the following paragraphs.

2. DEFINITIONS. The unit weights, void ratio, porosity, and degree of
saturation are defined below.

a. Dry unit weight, Y4, or dry density, is the weight of oven-

dried soil solids per unit of total volume of soil mass, and is usually ex-
pressed in pounds per cubic foot.

b. Wet unit weight, Y or wet density, is the weight (solids

m?
plus water) per unit of total volume of soil mass, irrespective of the de-

gre : of saturation (see e below). The wet unit weight is usually expressed
in pounds per cubic foot.

c. Void ratio, e, is the ratio of the volume of voids to the volume

of solid particles in a given soil mass.

d. Porosity, n, is the ratio (usually expressed as a percentage)

of the volume of voids of a given soil mass to the total volume of the soil

mass.

e. Degree of saturation, S, is the ratio (expressed as a percent-

age) of the volume of water in a given soil mass to the total volume of

voids.

3. VOLUMETRIC METHOD. a. De s c ription. The volumetric method

consists of computing the total volume of soil from linear measurements
of a regularly shaped mass. In general, the method is applied to soils
which can be cut or formed into a cylinder or parallelepiped. Specimens
of this type are used i. .aer laboratory tests, and methods for preparing
them are described under the individual test procedures. The procedure
presented below is based on obtaining a cylindrical specimen by progres-
sive trimming in front of a calibrated ring-shaped specimen cutter. How-
ever\ other methods for obtaining a regularly shaped mass, such as

cutting and trimming or punching, can often be used successfully. The

-2
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volumetric method should not be used for soils containing gravel, shells,
or foreign materials which would interfere with advance trimming. The
calibrated specimen cutter method is particularly suitable for obtaining
volumes of silty and sandy soils having little cohesion.

b. Apparatus. The apparatus should consist of the following:

(1) Calibrated ring-shaped specimen cutter, hereinafter re-
ferred to as a volumetric cylinder. Types and sizes of volumetric cylin-
ders may vary widely; two types are shown in Figure 2. General require-
ments are that a volumetric cylinder be made of materials not susceptible
of rapid corrosion and that it be as large as possible in relation to the
samples being tested. The inside of the cylinder should be polished to a
smooth finish, and sharp cutting edges should be provided on the base. It
is very important that no voids form between the sample and cylinder; to
facilitate detection of such voids, a volumetric cylinder of transparent
Lucite with detachable steel cutting edges may be used.

(2) Guide cylinder for guiding cutter into soil (not absolutely
necessary).

(3) Trimming tools, such as wire saw, straightedge, or knife.

(4) Oven (see Appendix I, WATER CONTENT = GENERAL).

(5) Specimen container. The container should be of metal
that is resistant to corrosion. Seamless aluminum pans with lids are

satisfactory.

(6) Balance, sensitive to 0.1 g.
(7) Glass plate, large enough to cover top of specimen.
c. Procedure. The procedure shall consist of the following steps:
(1) Record on a data sheet (Plate Il-1 is a suggested form)
all identifying information for the sample, such as project, boring number,
and other pertinent data.
(2) Measure and record the height, H, and inside diameter,

D, of the volumetric cylinder. In general, linear measurements shall be

II -
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iradli: with an accuracy which will result in a volumetric error, v/,
of less than 1 percent. The volumetric error is represented by the
expression:
d dH
]

dV i
s percent = 200 —=+ 100 =y

where dH = accuracy of height measurement

dl = accuracy of diameter measure N

(3) Center the volumetric cylinder on top of the sample. The
sample may be roughly trimmed to a size somewhat larger than the cylin-
der (see Fig. 2b) or the entire available sample may be used (see Fig. 3).
Push the cylinder vertically into the sam-
ple not more than 1/4 in. and carefully
trim the soil from the edge of the cylinder
(see Fig. 3). Repeat the operation until
the specimen protrudes above the top, of

the calibrated cylinder. Care should be
taken that no voids are formed between
the cylinder and specimen. Using a wire
saw for soft specimens and a knife,
straightedge, or other convenient tool for
harder specimens, trim the top of the
specimen flush with the top of the cylin-
der. Invert the specimen, place it on a

glass plate, and trim the bottom of the

specimen.

Figure 3. Determining the
unit weight of a soil speci-
from the volumetric cylinder using a men with the volumetric

(4) Remove the specimen

guide cylinder, if available, and place it cylinder (split-ring type)

in a container. Weigh the specimen and container and record this weight

11-5
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on the data sheet as the weight of tare plus wet soil. Alternatively, the
wet weight of the specimen may be determined by weighing the volumet-
ric cylinder with the specimen therein and then removing the material and
placing it in a container for a water content deter.mination.

(5) Place the soil and container in an oven and oven-dry the
specimen at 110 C £ 5, allow it to cool, and then weigh. Record this
weight as weight of tare plus dry soil.

d. Computations. (1) Quantities obtained in test. The following
quantities are obtained in the test.

(a) Weight of tare (specimen container or cylinder) plus
wet soil The tare weight is subtracted from this value to obtain the
weight of wet soil, W.

(b) Weight of tare (specimen container plus dry soil. The
tare weight is subtracted from this value to obtain the weight of dry
soil, Ws ,
is computed by the following formula:

or if the alternate procedure is used, dry weight of specimen

wet weight of specimen

4 ( water content of specimen )
BN 100

Dry weight of specirnen =

W
W = 170.01w

(c) The inside volume of the volumetric cylinder. Volume,
VvV, af the wet soil specimen is equal to this volume. The volume, V , may
also be computed from linear measurements of a specimen in the form of
a cylinder or parallelepiped.
(2) Unit weignes. The wet unit weight, Yoy ! and the dry unit
weight, Yq* expressed in terms of pounds per cubic foot, are computed
by the fo: lowing formulas:

weight in g of wet specimen

Wet unit weight = - -
volume in cc of wet specimen

X 62.4

-
Y ©V X 62.4

11-6
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. . _ weight in g of dry specimen
Dry unit weight = volume in cc of wet specimen X 624
W

‘—-—s—
Yq =% X 62.4

(3) Void ratio. The void ratio, e, is computed by the following
following formula:

volume in cc of wet specimen =volurae in cc of solids

Void ratio = 4
volume in cc of ¢~iids
V-V
e=——5
Vs
w
where V = volume of solids = —>
s Gs
G =

specific gravity of solids (see Appendix IV, SPECIFIC

S GRAVITY)

(4) Porosity. The porosity, n, is computed by the following
formula:

volume in cc of wet specimen « volume in
cc of solids

Porosity, percent - -
Y, P volume in cc of wet specimen

H

X 100

Vv
——= x 100
Y

n, percent

(5) Degree of saturation. The degree of saturation, S, is
computed by the following formula:

volume in cc of water

Degree of saturation, percent = volume in cc of wet specimen X 100
= volume in cc of solids
VW
S, percent =——-—-V-' x 100
’ V - s
where Vi, = W_ = difference between the wet weight of the -soil speci-

men and the oven-dried weight

-7
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In the metric system, the volume of water, VW, is approximately equal
numerically to the weight of water, Ww

4. DISPLACEMENT METHOD. a. Description. The displacement

method consists of determining the total volume of a soil by measuring
the volume or weight of water displaced by the soil mass. The method is
particularly adaptable to irregularly shaped specimens and soils con-
taining gravel, shells, etc.
b. Apparatus. The apparatus should consist of the following:

(1) Balance, sensitive to 0.1 g.

(2) Wire basket of sufficient size to contain the soil
specimen.

(3) Can, or container, of sufficient size to submerge the wire
basket and specimen.

(4) Oven (see Appendix I, WATER CONTENT - GENERAL).

(5) Specimen container. The container should be of metal
that is resistant to corrosion, Seamless aluminum pans with lids are
satisfactory.

(6) Paintbrush.

(7) Microcrystalline wax or paraffin.t

(8) Container for melting wax, preferably with a self-
contained thermostat.

(99 Thermometer, range 0 to 50 C, graduated in 0.1 deg.

c. Procedure. The procedure shall consist of the following steps:

(1) Record all identifying information for the sample, such as

t Among the many microcrystalline waxes found satisfactory are Product
2300 of the Mobil Oil Company, Microwax 75 of the Gulf Oil Corpora-
tion, and Wax 1290 of the Sun Oil Company. Paraffin alone is not as
suitable for sealing soil specimens because its brittleness and shrink-
age upon cooling will cause cracking, especially in thin sections and at
corners; a mixture of 50 percent paraffin and 50 percent petrolatum
has properties that approach those of a microcrystalline wax.

11-8
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project, boring number, or other pertinent data, on the data sheet
(Plate 1I-2).

(2) Determine, if not previously established, the specific
gravity of the wax to be used. (About 0.9 g per cc, but should be deter-
mined for each batch of wax.)

(3) Cut a specimen from the sample to be tested. (The size
of the specimen is not very important provided the capacity of the balance
is not exceeded. In general, more accurate results will be obtained with
larger specimens.) Trim the specimen to a fairly regular shape, Re-
entrant angles should be avoided, and any cavities formed by large parti-
cles being pulled out should be patched carefully with material from the
trimmings.

(4) Determine and record the wet weight of the soil specimen.

(5) Cover the specimen with a thin coat of melted wax, either
with a paintbrush or by dipping the specimen in a container of melted wax.
Apply a second coat of wax after the first coat has hardened. The wax
should be sufficiently warm to flow when brushed on the soil specimen,
yet it should not be so hot that it penetrates the pores of the soil. If hot
wax comes in contact with the soil specimen it may cause the moisture to
vaporize and form air bubbles under the wax.

(6) Determine and record the weight of the wax-coated
specimen in air.

(7) Determine and record the submerged weight of the wax-
coated specimen. This is done by placing the specimen in a wire basket
hooked onto a balance and immersing the basket and specimen in a can of
water as shown in Figure 4. In order to directly measure the submerged
weight of the wet soil and wax, the balance must have been previously bal-
anced with the wire basket completely submerged in the can of water. Ensure
that the specimen is fully submerged, and that the basket is not touching the
sides or bottom of the container. Measure the temperature of the water.

(8) Remove the wax from the specimen. It can be peeled off

11-9
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after a break is made in the wax sur-
face. Use the entire sample, or as
much as is free of wax inclusions, for
a water content determination (see
Appendix I, WATER CONTENT -
GENERAL).

d. Computations. The follow-

ing quantities are obtained directly in
the test:

(1) Weight of uncoated
specimen, W.

(2, Weight of soil plus
wax. The weight of uncoated speci-
men, W, is subtracted from this

value to obtain the weight of wax.
Figure 4. Determining the weight (3) Weight of soil plus wax
of a wax-coated specimen suhb-= in water.

merged in water The following computations
shall be made:

i1} Divide the weight of the wax by its specific gravity. This
gives the volume of the wax.

(2) Subtract the weight of the wax-coated specimen in water
from its weight in air. The difference divided by the density of water at the
test temperature (see Table 1V- 1, Appendix IV, SPECIFIC GRAVITY) is
numerically equal to the volume of the coated specimen in cubic centimeters.

(3) Subtract the volume of wax from the volume of the coated
specimen to obtain the total volume of the soil specimen, V.

(4) Compute the water content of the specimen (see Appendix I,
WATER CONTENT - GENERA-L). If the entire specimen is used for the

w ater content determination, obtain the dry weight of specimen,WH, di-

rectly. If only a portion of the initial specimen is used for the water

H-10
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content determination, compute the dry weight of specimen according to
the following formula:

wet weight of uncoated soil

Dry weight of specimen = -
1+ (Water content of wet soil

100

w

WS=

Based on the above information, compute the unit weights, void
ratio, porosity, and degree of saturation as specified hereinbefore.
5. POSSIBLE ERRORS. Following are possible errors that would
cause inaccurate determinations of the total volume:

a. Volumetric Method.. (1) Imprecise measurement of volu-

metric cylinder (or of cylindrical specimen trimmed by other methods).
Three height measurements and nine diameter measurements should be
made to determine the average height and diameter of the cylinder.
Precise calipers should be used for these measurements rather than flat
scales.

(2) Voids formed on side of specimen by trimming beyond
cutting edge.

(3) Material lost while removing specimen from cylinder.

b. Displacement Method. Voids on surface of specimen not

filled by wax or air bubbles formed beneath wax.

1I-11
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IVOLUMETHIC METHOD:

TR WEIGHTS, VOID RATIO, PORGAUTY, AND DEGREE OF SATURATION

2
H
VOLUME OF CYLINDER, Vv = 'D‘

REMARKS

VOLUME OF WATER = Ve

t IF NOT MEASURED ON ENTIRE SPECIMEN, DRY WEIGHT MAY BE COMPUTED AS FOLLOWS: Vl' =

t SPECIFIC GRAVITY OF WATER IN METRIC SYSTEM = | (APPROX)

TECHNICIAN
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APPENDIX 111:
LIQUID AND PLASTIC LIMITS

1. INTRODUCTION

a. The Atterberg Limits. The Atterberg limits are water
contents which define the limits of various stages of consistency
for fine-grained soils. The liquid limit (LL) and the plastic
limit (pL) define the upper and lower limits, respectively, of
the plastic range of a soil; the numerical difference between
these two limits expresses the plasticity of a soil and is termed
the plasticity index (Pl). Detailed procedures for determining
the liquid and plastic limits for use i1n classifying soils and
developing correlations with engineering properties of soils are
given below, and a simplified method for determining the liquid
limit is described in Appendix I11A, ONE-POINT LIQUID LIMIT TEST.

A detailed procedure for determining the shrinkage limit is given
in Appendix I11B, SHRINKAGE LIMIT TEST.

b, Definitions.

(1) Liquid Limit. The liquid limit of a soil is the
water content, expressed as a percentage of the weight of oven-
dried soil at which two halves of a soil pat separated by a
groove of standard dimensions will close at the bottom of the
groove along a distance of 1/2 In. under the impact of 25 blows
in a standard liquid limit device.

(2) Plastic Limit. The plastic limit of a soil is the
water content, expressed as apercentage of the weight of oven
dried soil at which the soil just begins to crumble iInto short
pieces when rolled into a thread 1/8 in. In diameter.
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2. APPARATUS

a. Liguid Limit Device. A mechanical device consisting of
a brass cup suspended from a carriage designed to control its
drop onto a hard rubber base. A drawing showing the essential
features of the device and the critical dimensions is given in
Figure 1. The design of the device may vary provided that the
essential functions are preserved. The device may be operated
either by a hand crank or by an electric motor.

(1) Base. The base shall be hard rubbert having a D
Durometer hardness of 80 to 90, and a resilience such that an
8-mm (5/16~-in.) diameter polished steel ball, when dropped from a
height of 25 cm (9.84 in.) will have an average rebound of at
least 80% but no more than 90%. The tests shall be conducted on
the finished base with feet attached.

(2) Feet. The base shall be supported by rubber feet
designed to provide isolation of the base from the work surface
and having an A Durometer hardness no greater than 60 as measured
on the finished feet attached to the base.

(3) cup. The cup shall be brass and have a weight,
including cup hanger, of 185 to 215 g.

(4) Cam. The cam shall raise the cup smoothly and
continuously to its maximum height, over a distance of at least
180° of cam rotation. The preferred cam motion is a uniformly *

t Micarta No. 221A has been used in the past. It is satisfac-
tory as long as it meets the resilience requirement set forth
for hard rubber.
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accelerated lift curve.* The design of the cam and follower com-
bination shall be such that there i1s no upward or downward veloc-

ity of the cup when the cam follower leaves the canm.

(5) Carriage. The cup carriage shall be constructed
in a way that allows convenient but secure adjustment of the
height of drop of the cup to 10 mm (0.394 in.). The cup hanger
shall be attached to the carriage by means of a pin which allows
removal of the cup and cup hanger for cleaning and inspection.

(6) Optional Motor Drive. As an alternative to the
hand crank shown in Figure 1, the device may be equipped with a
motor to turn the cam. Such a motor must turn the cam at
2+ 0.1 revolutions per second, and must be isolated from the
rest of the device by rubber mounts or in some other way that
prevents vibration from the motor being transmitted to the rest
of the apparatus. It must be equipped with an ON-OFF switch and
means of conveniently positioning the cam for height of drop
adjustments. The results obtained using a motor-driven device
must not differ from those obtained using a manually operated
device.

b. Grooving Tool. A grooving tool having dimensions as
i

shown in Figure 2. The tool shall be made of plastic or *

* The cam and follower design in Figurel is for uniformly
accelerated (parabolic) motion. after contact and assures that
the cup has no velocity at drop off. Other cam designs also
provide this feature and may be used. However, if the cam-
follower lift pattern is not known, zero velocity as drop off
can be assured by carefully filing or machining the cam and
follower so that the cup height remains constant over the last
20 to 45° of cam rotation.

-4



EM 1110-2-1906
Appendix 111

Change 2
20 Aug 86
DIMENSIONS
LETTER A% B4 ca DA EA& Fa
MM 2 | 40 8 50 2
+ 0.1 0.2 £ 05 t 0.1 + 0.5 + 0.1
LETTER G H J K4 L4 N
MM 10 13 60 10 60 DEG | 20
MINIMUM £0.05 [ + | DEG

4 ESSENTIAL DIMENSIONS

‘BACK AT LEAST I5 MM FROM TIP

NOTE: DIMENSION A SHOULD BE |,9-2.0 AND DIMENSION D
SHOULD BE 8.0-8.l WHEN NEW TO ALLOW FOR

ADEQUATE SERVICE LIFE

— D} /\
L
i a sbzzzee
. —L SECTION

1 ¥

Figure 2. Grooving tool (optional height-of-drop gage attached)

noncorroding metal.* The design of the tool may vary as long as
the essential dimensions are maintained. The tool may, but need
not, incorporate the gage for adjusting the height of drop of the
liquid limit device. N

* Polycarbonate plastic grooving tools meeting the dimensional
requirements given above are available to US Government
agencies through the US Army Engineer Division Laboratory,
Southwestern, 4815 Cass Street, Dallas, TX 75235.
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C. Gage. A metal gage block for adjusting the height of
drop of the cup, having dimensions as shown in Figure 3. The
design of the tool may vary provided the gage will rest securely
on the base without being susceptible to rocking, and the edge
which contacts the cup during adjustment is straight, at least
10 mm (3/8 in.) wide, and without bevel or radius.

80— e g5

25

A

Figure 3. Height of drop gage

DIMENSIONS IN MILLIMETERS

d. Containers. Small corrosion-resistant containers with
snug-fitting lids for water content specimens. Aluminum or
stainless steel cans 2.5 cm (1 in.) high by 5 cm (2 in.) in
diameter are appropriate.

e. Balance. A balance readable to at least 0.01 g and
having an accuracy of 0.03 g within three standard deviations
within the range of use. Within any 15-g range, a difference
between readings shall be accurate within 0.01 g.

f  Storage Container. A container in which to store the
prepared soil specimen that will not contaminate the specimen in
any way, and which prevents moisture loss. A porcelain, glass,
or plastic dish about 11.4 cm (4-1/2 in.) in diameter and a
plastic bag large enough to enclose the dish and be folded over
Is adequate.
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g. Ground Glass Plate. A ground glass plate at least
30 cm (12 in.) square by 1 cm (3/8 in.) thick for mixing soil and
rolling plastic limit threads.

h.  Spatula. A spatula or pill knife having a blade about
2 cm (3/4 In.) wide by about 10 cm (4 in.) long. In addition, a
spatula having a blade about 2.5 cm(1 in.) wide and 15 cm
(6 in.) long has been found useful for initial mixing ofamples.

I. Sieve. A 20.3 cm (8 in.) diameter, 425-um (No. 40)
sieve conforming to the requirements of ASTM Specification E1l1
and having a rim at least 5 cm (2 in.) above the mesh. A 2-mm
(No. 10) sieve meeting the same requirements may also be needed.

j. Wash Bottle. A wash bottle or similar container for
adding controlled amounts of water to soil and washing fines from
coarse particles.

k. Drying Oven. A thermostatically controlled oven,
preferably of the forced-draft type, capable of continuously
maintaining a temperature of 110 ¢ 5° C throughout the drying
chamber. The oven shall be equipped with a thermometer of
suitable range and accuracy for monitoring oven temperature.

1. Washing Pan. A round, flat-bottomed pan at least
7.6 cm (3 In.) deep, slightly larger at the bottom than a 20.3-cm
(8-in.) diameter sieve.

m. Rod (Optional). A metal or plastic rod or tube 3.2 mm
(1/8 In.) in diameter and about 10 cm (4 in.) long for judging
the size of plastic limit threads.
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n. Mixing Water. A supply of distilled or demineralized
water.

o. Blender (Optional). A single speed blender with
1,000 ml container for preparing clay shale materials.

3. CALIBRATION OF APPARATUS

a. Inspection for Wear

(1) Liquid Limit Device. Determine that the liquid
limit device is clean and in good working order. The following
specific points should be checked:

(2) Wear of Base. The spot on the base where the cup
makes contact should be worn no greater than 10 mm(3/8 in.) 1in
diameter. If the wear spot is greater than this, the base can be
machined to remove the wear spot provided the resurfacing does
not decrease base thickness to less than that specified in 2(a)
and the other dimensional relationships are maintained.

(3) Wear of Cup. The cup must be replaced when the
grooving tool has work a depression in the cup 0.1 mm (0.004 1in.)
deep or when the edge of the cup has been reduced to half its
original thickness. Verify that the cup is firmly attached to
the cup hanger.

(4) Wear of Cup Hanger. Verify that the cup hanger
pivot does not bind and IS not worn to an extent that allows more
than 3-mm (1/8 in.) side-to-side movement of the lowest point on
the rim.
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(5) Wear of Cam. The cam shall not be worn to an

extent that the cup drops before the cup hanger (cam follower)
loses contact with canm.

(6) Grooving Tools. Inspect grooving tools for wear
on a frequent and regular basis. The rapidity of wear depends on
the material from which the tool i1s made and the types of soils
being tested. Sandy soils cause rapid wear of grooving tools;
therefore, when testing these materials, tools should be in-
spected more frequently than for other soils. Any tool with a
tip width greater than 2.1 mm must not be used. The depth of the
tip of the grooving tool must be 7.9 to 8.1 mm. The width of the
tip of grooving tools is conveniently checked using a pocket-
sized measuring magnifier equipped with a millimeter scale.
Magnifiers of this type are available for most laboratory supply
companies. The depth of the tip of grooving tools can be checked
using the depth measuring feature of vernier calipers.

(7) Blender Blades. Blender blades should be replaced

when their overall length becomes 3 mm (1/8 in.) less than their
original length.

b, Adjustment of Height of Drop. Adjust the height of
drop of the cup so that the point of the cup that comes iIn con-
tact with the base rises to a height of 10 + 0.2 mm. A conve-
nient procedure for adjusting the height of drop is as follows:
place a piece of masking tape across the outside bottom of the
cup parallel with the axis of the cup hanger pivot. The edge of
the tape away from the cup hanger should bisect the spot on the
cup that contacts the base. For new cups, placing a piece of
carbon paper on the base and allowing the cup to drop several
times will mark the contact spot. Attach the cup to the device
and turn the crank until the cup i1s raised to its maximum height.’
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Slide the height gage under the cup from the front, and observe
whether the gage contacts the cup or the tape (see Figure 4). If
the tape and cup are both contacted, the height of drop is ap-
proximately correct. |If not, adjust the cup until simultaneous
contact is made. Check adjustment by turning the crank at

2 revolutions per second while holding the gage iIn position
against the tape and cup. If a ringing or clicking sound 1is
heard without the cup rising from the gage, the adjustment is
correct. If no ringing is heard or i1f the cup rises from the
gagel readjust the height of drop. If the cup rocks on the gage
during this checking operation, the cam follower pivot is exces-
sively worn and the worn parts should be replaced. Always remove
tape after completion of adjustment operation.

POINT WHERE
CUP CONTACTS BASE P

z===131|

SN

HEIGHT GAUGE

U \ -

\‘MASKING TAPE APPLIED AS AID
IN ADJUSTMENT OPERATION

Figure 4. Calibration for height of drop

111-10



*

EM 1110-2-1906

Appendix 111
Change 2
20 Aug 86
4, PREPARATION OF MATERIAL
a. Selection of Material. It is essential that the same

carefully prepared soil mixture be used for determining both the
liquid and plastic limits. Layers of soil of different plastic-
ity should not be mixed. Furthermore, if the natural water con-
tent is to be determined, the specimen must be taken from an
identical mixture to permit valid correlations. |f other test
results are to be correlated with the liquid and plastic limits,
the material used for the determinations must be the same as that
tested. Clay shale materials require special preparation as dis-
cussed i1n Paragraph 9.

b. Effects of Drying. Whenever possible, soils should be
at the natural water content when preparation for testing is
begun. 1T drying has occurred before testing; the limit values
may change. The plasticity of soils containing organic colloids
and certain types of i1norganic colloids derived from volcanic
rocks i1s highly sensitive to drying. The effects of drying can
be determined by comparing the liquid limit values of specimens
in “undried,"' "airdried," and "ovendried" States.

c. General Preparation of Material

(1) Samples Passing the 425-ym (No. 40) Sieve. When
by visual and manual procedures, it is determined that the sample
has little or no material retained on the 425-ym (No. 40) sieve,
prepare a specimen of 150 to 200 g by mixing thoroughly with
distilled or demineralized water on the glass plate using the
spatula. If desired, soak soil in a storage dish with small
amount of water to soften the soil before the start of mixing.
Adjust the water content of the soil to bring It to a consistency
that would require 15 to 25 blows of the liquid limit device to
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close the groove. The time taken to adequately mix a soil will
vary greatly depending on the plasticity and initial water
content. Initial mixing times of more than 30 min may be needed
for stiff, fat clays. |If, during mixing, a small percentage of
material i1s encountered that would be retained on a 425-um

(No. 40) sieve, remove these particles by hand, if possible. If
It 1s impractical to remove the coarser material by hand, remove
small percentages (less than about 15%) of coarser material by
working the specimen through a 425-ym (No. 40) sieve using a

piece of rubber sheeting, a rubber stopper,or other convenient
device provided the operation does not distort the sieve or
degrade material that would be retained if the washing method
described in the next paragraph were used. If larger percentages
of coarse material are encountered during mixing, or It IS con-
sidered impractical to remove the coarser material by the methods
just described, wash the sample as described in the next para-
graph. When the coarse particles found during mixing are concre-
tions, shells, or other fragile particles, do not crush these
particles to make them pass a 425-ym (No. 40) sieve, but remove

by hand or by washing. Place the mixed soil in the storage dish,
cover to prevent loss of moisture, and allow to stand for at
least 16 hr (overnight). After the standing period and immedi-
ately before starting the test, thoroughly remix the soil.

(2) Samples Containing Material Retained on a 425-um
(No. 40) Sieve

(a) Select a sufficient quantity of soil at
natural water content to provide 150 to 200 g of material passing
the 425-ym (No. 40) sieve. Place In a pan or dish and add
sufficient distilled or demineralized water to cover the soil.
Allow to soak until all lumps have softened and the fines no
longer adhere to the surfaces of the coarse particles. *
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(b) When the sample contains a large percentage
of material retained on the 425-um (No. 40) sieve, perform the
following washing operations in increments, washing no more than
0.5 kg (1 Ib) of material at one time. Place the 425-ym (No. 40)
sieve iIn the bottom of the clean pan. Pour the soil water mix-
ture onto the sieve. If gravel or coarse sand particles are
present, rinse as many of these as possible with small quantities
of water from a wash bottle and discard. Alternatively, pour the
soil water mixture over a 2-mm (No. 10) sieve nested atop the
425-ym (No. 40) sieve, rinse the fine material through and remove
the 2-mm (No. 10) sjeve. After washing and removing as much of
the coarser material as possible, add sufficient water to the pan
to bring the level to abouti3 mm(1/2 in.) above the surface of
the 425-um (No. 40) sieve. Agitate the slurry by stirring with
the fingers while raising and lowering the sieve in the pan and
swirling the suspension so that fine material is washed from the
coarser particles. Disaggregate fine soil lumps that have not
slaked by gently rubbing them over the sieve with the Tfingertips.
Complete the washing operation by raising the sieve above the
watersurface and rinsing the material retained with a small
amount of clean water. Discard material retained on the 425-um
(No. 40) sieve.

(c) Reduce the water content of the material
passing the 45-um (No. 40) sieve until i1t approaches the liquid
limit. Reduction of water content may be accomplished by one or
a combination of the following methods: (@) exposing the air
currents at ordinary room temperature, (b) exposing to warm air
currents from a source such as an electric hair dryer,(c) fil-
tering in a Buckner funnel or using fTilter candles, (d) decanting
clear water from surface of suspension, or (e) draining in a
colander or plaster of paris dish lined with high retentivity, *
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+ high wet-strength filter paper.* |If a plaster of paris dish is
used, take care that the dish never becomes sufficiently satu-
rated that it fails to actively absorb water into iIts surface.
Thoroughly dry dishes between uses. During evaporation and cool-
Ing, stir the sample often enough to prevent overdrying of the
fringes and soil pennacles on the surface of the mixture. For
soil samples containing soluble salts, use a method of water
reduction such as (a) or (b) that will not eliminate the soluble
salts from the test specimen.

(d) Thoroughly mix the material passing the
425-um iio. 40) sieve on the glass plate using the spatula.
Adjust the water content of the mixture, 1If necessary, by adding
small increments of distilled or demineralized water or by allow-
Ing the mixture to dry at room temperature while mixing on the
glass plate. The soil should be at a water content that will
result in closure of the groove in 15 to 25 blows. Return the
mixed soil to the mixing dish, cover to prevent loss of moisture,
and allow to stand for at least 16 hr. After the standing
period, and immediately before starting the test, remix the soil
thoroughly.

5. LIQUID LIMIT
a. Procedure
(1) Place a portion of the prepared soil in the cup of
the liquid limit device at the point where the cup rests on the

base, squeeze it down, and spread it into the cup to a depth of
about 10 mm at i1ts deepest point, tapering to form an

* S&S 595 fTilter paper in 32 cm circles has been found
satisfactory.
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approximately horizontal surface. Take care to eliminate air
bubbles from the soil pat, but form the pat with as few strokes
as possible. Heap the unused soil on the glass plate and cover

with the inverted storage dish or a wet towel.

(2) Form a groove in the soil pat by drawing the tool,
beveled edge, forward through the soil on a line joining the
highest point to the lowest point on the rim of the cup. When
cutting the groove, hold the grooving tool against the surface of
the cup and draw in an arc maintaining the tool perpendicular to
the surface of the cup throughout its movement (see Figure 5).

L LR - I -

Figure 5. Grooved soil pat in liquid limit device

in soils where a groove cannot be made iIn one stroke without
tearing the soil cut the groove with several strokes of the
grooving tool. Alternately, cut the groove to slightly less than
required dimensions with a spatula and use the grooving tool to
bring the groove to final dimensions. Exercise extreme care to
prevent sliding the soil pat relative to the surface or the cup.
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(3) Verifty that no crumbs of soil are present on the
base or the underside of the cup. Lift and drop the cup by turn-
ing the crank at a rate of 1.9 to 2.1 drops per second until the
two halves of the soil pat come in contact at the bottom of the
groove along a distance of 13 mm(1/2 in.) (see Figure 6). Use
the end of the grooving tool (Figure 2) or a scale to verify that
the groove has closed 13 mm(1/2 in.).

Figure 6. Soil pat after groove has closed

(4) Verify that an air bubble has not caused premature
closing of the groove by observing that both sides of the groove
have flowed together with approximately the same shape. IT a
bubble has caused premature closing of the groove, reform the
soil in the cup by adding a small, amount of soil to make up for
that lost in the grooving operation and repeat 5a(l) through
5a(3). I the soil slides on the surface of the cup,,repeat
5a(1) through 5a(3) at a higher water content. |If, after several
trials at successively higher water contents, the soil pat
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continues to slide in the cup or iIf the number of blows required
to close the groove is always less than 25, record that the
liquid limit could not be determined,and report the soil as non-

plastic without performing the plastic limit test.

(5) Record the number of drops (N) required to close
the groove. Remove a slice of soil approximately the width of
the spatula extending from edge to edge of the soil cake at right
angles to the groove and including that portion of the groove in

which the soil flowed together, place in a weighed container, and
cover.

(6) Return the soil remaining in the cup to the glass
plate. Wash and dry the cup and grooving tool and reattach the
cup to the carriage in preparation for the next trial.

(7) Remix the entire soil specimen on the glass plate
to reduce the water content of the soil and iIncrease the number

~of blows required to close the groove. Repeat 5a(l) through

5a(6) for at least three additional trials producing successively
greater numbers of blows to close the groove. Preferably, two
trials should produce closure in 25 blows or less, and two trials
should produce closure in 25 blows or more.

(8) Determine the water content (WN) of the soil
specimen from each trial in accordance with the procedure in
Appendix 1, WATER CONTENT - GENERAL. Make all weighings on the
same balance. [Initial weighings should be performed immediately
after completion of the test. If the test iIs to be interrupted
for more than about 15 min, the specimens already obtained should
be weighed at the time of the interruption.
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b. Calculations.

(1) Plot the relationship between the water content,
Wy o and the corresponding number of drops, N, of the cup on a
semilogarithmic graph with the water content as ordinates on the
arithmetical scale, and the number of drops as abscissas on the
logarithmic scale. See Plate Il11-1 for an example data form.
Draw the best straight line through the four or more plotted
points.

(2) Take the water content corresponding to the
intersection of the line with the 25-drop abscissa as the liquid
limit of the soil. Computational methods may be substituted for
the graphical method for fitting a straight line to the data and
determining the liquid limit.

6, PLASTIC LIMIT

a. Preparation of Test Specimen. Select a 20-g portion of
soil from the material prepared for the liquid limit test, either
after the second mixing before the test, or from the soil remain-
ing after completion of the test. Reduce the water content of
the soil to a consistency at which i1t can be rolled without
sticking to the hands by spreading and mixing continuously otihe
glass plate. The drying process may be accelerated by exposing
the soil to the air current from an electric fan or by blotting
with paper that does not add any fiber to the soil such as hard
surface paper toweling or high wet strength filter paper.

b. Procedure

(1) From the 20-g mass, select a portion of1.5 to
2.0 g. Form the test specimen into an ellipsoidal mass. Roll «
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+ this mass between the palm or fingers and the ground-glass plate

with just sufficient pressure to roll the mass into a thread of
uniform diameter throughout its length. A normal rate of rolling
for most soils should be 80 to 90 strokes per minute counting a
stroke as one complete motion of the hand forward and back to the
starting position. This rate of rolling may have to be decreased
for very fragile soils. The thread shall be further defjrmed on
each stroke so that its diameter is continuously reduced; and its
length extended until the diameter reaches 3.2 + 0.5 mm
(0.125 ¢ 0.020 in.), taking no more than 2 minutes to complete
the rolling operation. A 3,2-mm (1/8-in.) diameter rod or tube
is useful for frequent comparison with the soil threadto ascer-
tain when the thread has reached the proper diameter especially
for inexperienced operators. The amount of hand or finger pres-
sure required will vary greatlyaccording to the soil. Fragile
soils of low plasticity are best rolled under the outer edge of
the palm or at the base of the thumb. When the diameter of the
thread becomes 3.2 mm, break the thread into several pieces.
Squeeze the pieces together, knead between the thumb and first
finger of each hand, reform into an elliposidal mass, and reroll.
Continue this alternate rolling to athread 3.2 mm in diameter,
gathering together, kneading and rerolling, until the thread
crumbles under the pressure required for rolling, and the soil
can no longer be rolled into a 3.2-mm diameter thread (see
-Figure 7) 1t has no signific